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OPTICAL PATH CROSSCONNECT SYSTEM WITH 
HIGH EXPANDING CHARACTERISTIC 



pfirKr.ROnND OF THE INVENTION 

1 . Field of the Invention 

The present invention relates to an effective 
technique applied to an arrangement of an optical path 
cross-connect system used to construct a large-scaled 
optical network in correspondence with an increase in a 
total number of wavelengths. 

2. Description of the Related Art 

Very recently, while large amounts of information are 
communicated in high speeds, very broad band networks as 
well as very wide range transfer systems with large 
capacities are required. As one of means capable of 
realizing such needs, a WDM-technique based optical 
network is desirably constructed, A core device required 
when such an optical network is constructed corresponds 
to an optical path cr o s s - conne c t (optical XC) . 

Fig. 1 illustratively shows a typical structural 
example of an optical XC system and an optical network. 
As indicated in this drawing, the optical path cross- 
connect (XC) device is such a device which contains a 
plurality of input/output optical transmission lines, anc 



routes wavelength-division multiplexed optical signals 
which are entered from the input optical transmission line 
into a desirable output optical transmission line 
wavelength-by-wavelength when a long distance 
transmission line is constructed, an optical amplifier is 
inserted to the optical transmission lines between the 
optical XC device, and the optical XC device is connected 
to another communication device (for example, electric 
cross connect: electric XC) through the intra-office 
optical transmission lines. Then, these devices are 
controlled by an operation system for managing the entire 
network . 

On the other hand, a total number of wavelengths is 
rapidly increased in an optical network in connection with 
an increase of traffic capacity. However, when a total 
number of wavelengths is increased, a system scale required 
for the optical XC device is increased, which may cause 
a practical difficulty. 

In the optical XC system, there are two different 
types, i.e., a wavelength fixing type XC system in which 
a wavelength is not converted within a node; and a 
wavelength converting type XC system in which a wavelength 
is converted within a node, if required. Fig. 2(a) and Fig. 
2(b) represent general structures of the respective 



> 



wavelength fixing/converting type XC systems with 
employment of optical switches. The wavelength fixing 
type XC system indicated in Fig. 2(b) is constituted by 
a wavelength-division demultiplexer , an optical switch 
unit, and a wavelength-division multiplexer. Since the 
optical switch is controlled in this wavelength fixing type 
XC system, an input optical signal is routed to a desirable 
output transmission line while keeping the wavelength 
thereof unconverted . 

On the other hand, the wavelength converting type XC 
system indicated in Fig. 2 (a) requires a wavelength 
converter used to convert the wavelength (note that output 
wavelength is fixed) , as compared with the above-explained 
wavelength fixing type XC system, and also controls the 
optical switch in order to convert the wavelength of this 
input optical signal into a desirable wavelength of a 
desirable output transmission line. 

It should be understood that as an example of the 
wavelength converter, there are provided two different 
converting systems, namely a wavelength of an input optical 
signal is directly converted into a desirable wavelength 
while maintaining the optical signal form by utilizing an 
optical semiconductor element, and a wavelength of an input 
optical signal is converted into a desirable wavelength 
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by using both an optical/electric converter and an 
electric/optical converter. Also, as an example of the 
optical switch, there are provided a dielectric element 
such as LiNb03, an optical semiconductor element such as 
InP and GaAs, a sillica-based waveguide switch realized 
by utilizing the thermo-optic effect, and a mechanical 
optical switch realized by utilizing a stepper motor and 
a prism. Furthermore, as an example of the wavelength- 
division demultiplexer and the wavelength-division 
multiplexer, such elements may be employed which use an 
array waveguide grating and a dielectric multilayer film. 

Fig. 3 is a conceptional view indicating an optical 
path network in such an optical network established when 
the conventional optical XC device indicated in Fig. 2 is 
employed . 

As shown in Fig. 3(a), in the wavelength converting 
type optical path network, a wavelength is allocated in 
a link-by-link basis between a sender and a receiver node 
with respect to a single optical path. In other words, a 
wavelength is converted with respect to each of repeating 
optical XC device, if required. 

On the other hand, as shown in Fig. 3(b), in the 
wavelength fixing type optical path network, a single 
wavelength is allocated between a sender and a receiver 



node with respect to a single optical path. In other words, 
the wavelength is not converted within a repeating optical 
XC device. 

In this case, the below-mentioned problems occur, 
comparing the wavelength fixing type optical path network 
with the wavelength converting type optical path network. 

That is, in the wavelength fixing type optical path 
network, when the optical signal having the same wavelength 
as that of the wavelength-multiplexed optical signal which 
is entered from the input optical transmission line is 
routed to the same output optical transmission line, 
blocking will occur. 

On the other hand, since the wavelengths can be 
converted in the wavelength converting type optical path 
network if necessary, even when the optical signals having 
the same wavelengths are routed to the same output 
transmission line, the optical signal can be routed without 
any occurrence of such blocking. However, a large-scaled 
optical switch is required, as compared with that of the 
wavelength fixing type optical path network. Furthermore, 
in the wavelength converting type optical path network, 
when a total number of wavelengths is increased, the scale 
of the optical switch must be enlarged (namely, this 
optical switch must be replaced by another large-scaled 
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optical switch). As a consequence, the wavelength 
converting type optical path network is not superior in 
the expanding characteristic with respect to a total number 
of wavelengths. To the contrary, in the wavelength fixing 
type optical path network, a total number of optical 
switches may be increased, depending upon an increase of 
wavelength number . 

In summary, there are the following problems that the 
transfer characteristic (blocking characteristic) is 
deteriorated in the wavelength fixing type optical path 
network, whereas the wavelength converting type optical 
path network has no expanding characteristic with respect 
to increasing of the wavelength number, and the scale of 
the entire device is enlarged. 

The present invention has been made in view of such 
problems, and therefore, has an object to realize an 
optical path cross connect technique with a high expanding 
characteristic with respect to an, increase in a total 
number of wavelengths, while maintaining a better transfer 
characteristic . 

.qriMMARY OF THE INVENTION 
To achieve the above -de s cr ibed object, according to 
a first means of the present invention, there is provided 



an optical XC device in which an Optical transmission line 
(inter-office) allows a multiplexed wavelength and an 
optical transmission line (intra-of f ice) employs a 
non-multiplexed wavelength, a wavelength separating means 
is provided every transmission line (inter-office), and 
also, an intra-office signal input means is provided so 
as to demultiplex a wavelength-multiplexed optical signal 
entered from the transmission line ( in t e r -o f f i c e ) to a 
first optical path group, and repeat a wavelength-non- 
multiplexed signal to the first optical path group. Then, 
this optical XC device is provided with "m" pieces of 
routing means for inputting thereinto an optical signal 
via this first optical path group, and for converting this 
optical input signal into a predetermined wavelength to 
thereby output the wavelength-converted optical signal to 
a second optical path group. The "m" (symbol "m" being an 
integer and also being larger than 1)" pieces of routing 
means are subdivided in a unit of at least "n" (symbol "n" 
being an integer and also being larger than 1)" 
wavelengths . 

Furthermore, there are provided a wavelength 
combining means for selectively wavelength-multiplexing 
the optical signal through the second optical path group, 
and an intra-office signal output means for selectively 

7 



repeating the optical signal at a post stage of the 
above-explained routing means. 

It should be noted that in the first means, the 
intra-office signal input means can be constituted by an 
optical space switch, the routing means can be arranged 
by an optical space switch and a wavelength converter, and 
the intra-office signal output means can be arranged by 
an optical space switch. 

Also, a regenerator constructed of both an opto- 
electric converter and an electric-optical converter may 
be inserted at any one of an input of the optical space 
switch or an output thereof. 

Also, a plurality of the optical path cross-connect 
devices according to the first means may be employed so 
as to construct an optical network. 

As previously explained in detail, a single sub- 
network is constituted by the wavelength converting type 
routing means in the unit of extension. Then, the 
wavelength converting type routing means are successively 
added in response to an increase in the wavelength numbers 
(namely, a plurality of sub-networks are additionally 
provided) so as to constitute a large-scaled optical XC 
device and an optical network. In this case, the 
wavelength ranges to be processed by the respective routing 
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means are made different from each other. 

As a consequence, while maintaining the transfer 
characteristic/ the present invention is provided with the 
expanding characteristic with respect to the wavelength 
number. Furthermore, it can prevent the large-scaled 
system. This may contribute to an improvement in the 
performance of the optical transfer system with employment 
of this arrangement. 

According to a second means of the present invention, 
in the above-explained first means, the optical signal 
transferred to the transmission line {intra-of f ice) is 
wavelength-multiplexed, and both the intra-office signal 
input means and the intra-of f ice signal output means repeat 
the wavelength-multiplexed optical signal. 

It should also be noted that the intra-office signal 
input means can be arranged by a wavelength-division 
demultiplexer, and an optical space switch; the routing 
means can be constituted by an optical space switch and 
a wavelength converter; and the inter-office signal output 
means can be arranged by an optical space switch, a 
wavelength converter, and a wavelength-division 
multiplexer . 

According to a third means of the present invention, 
there is provided an optical XC device in which an optical 
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transmission line (inter-office) allows a multiplexed 
wavelength and an intra-office transmission line employs 
a non-mulitplexed wavelength, an optical branching means 
is provided with each of the optical transmission line 
(inter-office), for branching a wavelength-multiplexed 
optical signal into "m (symbol "m" being an integer and 
also being larger than 1)" pieces of first optical path 
groups, while maintaining the wavelength-multiplexed 
state; and an intra-office signal input means is provided 
with each of the intra-office transmission line for 
repeating a wavelength-non-multiplexed optical signal 
entered from this intra-office transmission line. 

Furthermore, the third means is provided with "m" 
pieces of routing means for routing an optical signal 
within a pre -al located wavelength range from optical 
signals outputted from the optical branching means and the 
intra-office signal input means to an inter-office signal 
output unit, and for converting the optical signal within 
the pre-allocated wavelength range into a desirable 
wavelength to route the wavelength-converted optical 
signal to a second optical path group, and the "m (symbol 
"m" being an integer and also being larger than 1)" pieces 
of routing means are subdivided in a unit of at least "n 
(symbol "n" being an integer and also being larger than 
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1)" wavelengths. Furthermore, there are provided a 
wavelength combining means for selectively wavelength- 
multiplexing the optical signal, and an intra-office 
signal output means for selectively repeating the optical 
signal at a post stage of the above-explained routing 
means . 

It should also be noted that the intra-office signal 
input means can be constituted by an optical space switch; 
the routing means can be arranged by a wa ve 1 eng t h -di vi s ion 
demultiplexer, an optical space switch, a wavelength 
converter and a wavelength-division multiplexer; and the 
intra-office signal output means can be arranged by an 
optical space switch. 

According to a fourth means of the present invention, 
in the above-explained third means, the optical signal 
transferred to the optical transmission line (intra- 
office) is wavelength-multiplexed, and both the intra- 
office signal input means and the intra-office signal 
output means repeat the wavelength-multiplexed optical 
signal . 

It should be understood that the intra-office signal 
input means can be constituted by a wa ve 1 engt h -di v i s ion 
demultiplexer and an optical space switch; the routing 
means can be arranged by a wavelength-division 
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demultiplexer, an optical space switch, a wavelength 
converter and a wavelength-division multiplexer; and the 
inter-office signal output means can be arranged by an 
optical space switch, a wavelength converter and a 
wavelength-division multiplexer. 

RRTEF DESCRIPTION OF THE DRAWINGS 

For a better understanding of the present invention, 
reference is made of a detailed description to be read in 
conjunction with the accompanying drawings, in which: 

Fig. 1 is a diagram illustratively showing a typical 
optical path cross-connect device system and a typical 
optical network; 

Fig, 2 is a node structural diagram of a typically 
conventional optical XC device; 

Fig* 3 shows an optical path network diagram in the 
case that the conventional optical XC device is employed; 

Fig- 4 illustratively shows a basic structural 
diagram of an optical XC device according to an embodiment 

1 of the present invention; 

Fig. 5 illustratively shows a basic structural 
diagram of an optical XC device according to an embodiment 

2 of the present invention; 

Fig. 6 illustratively shows a basic structural 
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diagram of an optical XC device according to an embodiment 

3 of the present invention; 

Fig. 7 illustratively shows a basic structural 
diagram of an optical XC device according to an embodiment 

4 of the present inventions- 

Fig. 8 is a concrete structural diagram explaining 
the routing operation by the optical XC device of the 
embodiment 1; 

Fig. 9 is a concrete structural diagram explaining 
the routing operation by the optical XC device of the 
embodiment 2; 

Fig. 10 is a concrete structural diagram explaining 
the routing operation by the optical XC device of the 
embodiment 3; 

Fig, 11 is a concrete structural diagram explaining 
the routing operation by the optical XC device of the 
embodiment 4; 

Fig. 12 illustratively represents structural 
drawings of the respective units employed in the optical 
XC device of the embodiment 1; 

Fig. 13 illustratively represents structural 
drawings of the respective units employed in the optical 
XC device of the embodiment 2; 

Fig. 14 illustratively represents structural 
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drawings of the respective units employed in the optical 
XC device of the embodiment 3; 

Fig. 15 illustratively represents structural 
drawings of the respective units employed in the optical 
XC device of the embodiment 4; 

Fig. 16 is an explanatory diagram explaining the 
optical path network of the embodiment 1; 

Fig. 17 is an explanatory diagram explaining the 
monitor /control system of the embodiment 1; 

Fig. 18 is an explanatory diagram explaining the 
routing operation of the optical XC device of the 
embodiment 1; 

Fig. 19 is an explanatory diagram (1) for explaining 
the switching operation of an optical switch according to 
the embodiment 1; 

Fig. 20 is an explanatory diagram (2) for explaining 
the switching operation of the optical switch according 
to the embodiment 1 ; 

Fig- 21 is an explanatory diagram (3) for explaining 
the switching operation of the optical switch according 
to the embodiment 1; and 

Fig. 22 is a structural diagram of an optical space 
switch employed in the embodiment. 
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DETAILED DF.SCRTPTTQN OF THE PREFERRED EMBODIHSNTS 
Referring now to drawings, various preferred 
embodiments of the present invention will be described in 
de t ail. 

ARRANGEMENT OF FIRST OPTICAL XC DEVICE 
Fig. 4 illustratively indicates an arrangement of an 
optical XC device according to an embodiment 1 of the 
present invention. Also, Fig. 8 represents a concrete 

..... routing operation of this first optical XC device. 

^=3 ... 

In this drawing, a wavelength branching unit is 

''^4 provided every optical transmission line between input 

'^'^ offices. An optical signal having a multiplexed 

S\. wavelength defined from "Xll" to "A.mn" is inputted into 

In this wavelength branching unit. This wavelength 

branching unit demultiplexes the above-described 

multiplexed wavelength to distribute the separated 

wavelengths to the respective optical path groups {111 to 

Xln) r (121 tol2n), , (1ml tolmn). Then, this 

wavelength branching unit inputs these separated optical 

signals of the optical path groups into routing units. 

The routing unit constituted by "m" pieces of routing 

units is subdivided in a unit of "n" wavelengths, and the 

subdivided routing units perform routing process 

operations. This routing unit is arranged by an optical 
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space switch and a wavelength converter. 

An intra-office signal input unit has the following 
functions. That is, non-multiplexed wavelength signals 
supplied from an optical transmission line between input 
offices are repeated and then distributed to "m" pieces 
of routing units. 

Fig. 8 represents a detailed explanatory diagram of 
these functions. As indicated in this drawing, in this 
embodiment 1, a total number of wavelengths appearing on 
the input side is selected to be 32, these 32 wavelengths 
are distributed into 4 sets of routing units in a unit of 
8 wavelengths. Also, a ratio of optical signal channel 
number derived from an optical transmission line 
(inter-office) to optical signal channel number derived 
from an intra-office transmission line is selected to be 
3:1. As a result, a total channel number of the optical 
signals (inter-office) is equal to 32 X 6 = 192 , and a total 
channel number of the intra-office optical signals is equal 
to 32 X 2-64. 

It should be noted that this intra-office signal 
input unit may be constructed by an optical space switch. 

Fig. 22 indicates a structural example of an optical 
space switch (4X4) . Similarly, as apparent from this 
structural example, the hardware scale of this optical 
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space switch is increased in accordance with a product of 
quantities of input/output ports. For instance, in the 
case of 4x4, 16 sets of 2X2 optical switches are required. 
Fig, 12 indicates an arrangement of this intra-office 
signal input unit, an arrangement of the routing unit, and 
an arrangement of the intra-office signal output unit. The 
intra-office signal input unit is constituted by 64X64 
optical switches. The routing unit is arranged by 64X 
64 optical switches and wavelength converters. In the 
wavelength converters, the output wavelengths of the 
optical signals sent out to the optical transmission line 
between the output offices correspond to the wavelengths 
allocated to the respective routing units, and all of the 
output wavelength of the optical signals sent out to the 
intra-office optical transmission line are equal to each 
other. The intra-office signal output unit is constituted 
by 64 64 optical switches. 

Fig. 16 is a conceptional diagram of an optical path 
network in an optical network established when the optical 
XC device according to the embodiment 1 of the present 
invention is employed. As indicated in this drawing, the 
optical path network is constituted by 4 sets of wavelength 
converting type sub-networks #1 (^1 to XQ) to #4 (125 to 
X32) in a unit of 8 wavelengths in this embodiment. With 
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respect to a single optical path, a single sub-network is 
selected between a sender and a receiver node, and the 
wavelengths are allocated within this sub-network in a 
link-by-link basis. 

Fig. 17 shows an arrangement of a network equipped 
with a monitor /control system based on the optical XC 
device shown in Fig. 4 according to the present invention. 

As shown in Fig. 17, the monitor/control system 
according to this embodiment is arranged by a monitor 
circuit, a drive circuit for driving an intra-office signal 
input unit, another drive circuit for driving a routing 
unit, another drive circuit for driving an intra-office 
signal output unit, and a further monitor circuit. The 
first-mentioned monitor circuit monitors both an optical 
transmission line between input offices and an intra-input 
office optical transmission line. The last-mentioned 
monitor circuit monitors both an optical transmission line 
output office and an intra-office transmission line. 

Then, these monitor circuits and drive circuits are 
controlled by a control circuit. 

In this drawing, upon receipt of path setting signals 
(for example, input optical link number, input wavelength 
value, output optical link number, output wavelength 
value) entered from an operation system, the control 
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circuit analyzes control points of optical switches of the 
intra-office signal input unit, the routing unit, and the 
intra-office signal output unit based on the path setting 
signals , 

Then, the control circuit sends out a control signal 
to a drive circuit of an optical switch, and this drive 
circuit produces a drive signal based on this control 
signal to send out the produced drive signal. 

Also, in the input/output links of the optical XC 
device, the monitor circuits monitor both characteristics 
and path connections as to both an input wavelength- 
multiplexed optical signal and an output wavelength- 
multiplexed optical signal. Then, the monitor circuits 
continuously notify the monitoring results to the control 
circuit. When the control circuit judges an occurrence of 
an abnormal state, this control circuit notifies this 
abnormal state to the operation system. 

nPF.PATTONS OF F T R T OPTICAL XC DEVICE 

Fig. 18 is an explanatory diagram for explaining an 
operation example of the optical XC device according to 
the embodiment 1. Also, Fig. 19 to Fig. 21 represent 
operation examples of the respective units based on the 
operation example of Fig. 18. 

First, as shown in Fig. 19(a), an optical signal A 



19 



( X 0 ) entered from the intra-input office optical 
transmission line #64 is entered via the first optical line 
{XO) to the routing unit {X9 toXlS) in the intra-office 
signal input unit (see Fig. 20(b)), and is further 
converted into an optical signal having a wavelength of 
"116" by the wavelength converter. The optical signal 
having the wavelength of Xl6 is routed via a wavelength 
combining unit to the optical transmission line between 
output office. 

Also, another optical signal B (X25) supplied from 
the optical transmission line between input offices #6 is 
inputted via the first optical line { X 25 toX32) separated 
from the wavelength branching unit into the routing unit 
for X25 to X32 (see Fig. 21(b)). The wavelength X25 of 
this optical signal B is converted into the wavelength X 
0 by the wavelength converter of this routing unit. Then, 
the converted optical signal having the wavelength XO is 
routed via the second optical line {XO) from the 
intra-office signal output unit to the intra-output office 
optical transmission line #1 (see Fig. 19(b)). 

Also, another optical signal C {XB) supplied from 
the optical transmission line between input offices #1 is 
inputted via the first optical line (Xl to XB) separated 
from the wavelength branching unit into the routing unit 
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for XI to XS (see Fig, 20(a)). The wavelength ^18 of this 
optical signal C is converted into the wavelength Xl by 
the wavelength converter of this routing unit. Then, the 
converted optical signal having the wavelength Xl is 
routed via the second optical line (Xl toXS) from the 
wavelength combining unit to the intra-output office 
transmission line #1. 

Also, another optical signal D {Xll) supplied from 
the optical transmission line between input offices #1 is 
inputted via the first optical line ( X 11 toX24) separated 
from the wavelength branching unit into the routing unit 
for Xll to X24 (see Fig. 21(a)). The wavelength Xll of 
this optical signal D is converted into the wavelength X 
24 by the wavelength converter of this routing unit. Then, 
the converted optical signal having the wavelength 124 is 
routed via the second optical line [Xll to/L24) from the 
wavelength combining unit to the intra-output office 
optical transmission line #6. 

ARRANGEMENT OF SECOND OPTICAL XC DEVICE 
Fig, 5 is a diagram for showing an arrangement of an 

optical line XC device according to an embodiment 2 of the 

present invention. 

AlsO/ Fig. 13 indicates an arrangement of an 

intra-of fice signal input unit, an arrangement of a routing 
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unit, and an arrangement of an intra-office signal output 
unit. Furthermore, Fig. 9 represents a concrete 
arrangement of the routing unit in this embodiment 2. 

This embodiment 2 has a feature that optical signals 
are wavelength-multiplexed in the intra-office 
transmission line, as compared with the embodiment 1 shown 
in Fig. 4. Other arrangements of this embodiment 2 are the 
same as those of the embodiment 1. 

As shown in this drawing, the intra-office signal 
input unit is constituted by 64 X 64 optical switches and 
wavelength-division demultiplexer, and the routing unit 
is constituted by 64X54 optical switches and a wavelength 
converter. In this case, this wavelength converter is 
equipped with only the optical transmission line between 
output offices. An output wavelength of this wavelength 
converter corresponds to a wavelength allocated to each 
of the respective routing units. Also, the intra-office 
signal output unit is arranged by 64X64 optical switches, 
a wavelength converter, and a wavelength-division 
multiplexer. It should be understood that a concrete 
structure of an optical switch is similar to that shown 
in Fig. 22, 

In this case, the above-described wavelength 
branching unit distributes 32 wavelength components to 4 
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sets of routing units (11 to 18), (19 to 116), (117 to 
124), and (125 to 132) in a unit of 8 wavelengths. 
In this embodiment 2, the inter-office optical 
signals entered into the wavelength branching unit are 32 
X6=192 channels, and the intra-office optical signals 
entered into the intra-office signal input unit are 32 
X2=64 channels. 

The intra-office signal input unit distributes the 
wavelength-multiplexed optical signals entered from the 
intra-input office optical transmission line to the 
respective desirable routing units. Then, the intra- 
office signal output unit distributes the optical signals 
which are entered thereinto from the respective routing 
units to the desirable intra-output station optical 
transmission line having the desirable wavelengths, 
respectively. 

ARRANGEMENT OF THIRD OPTICAL X C DEVICE 
Fig. 6 is a diagram showing an arrangement of an 
optical XC device according to an embodiment 3. 

As indicated in Fig. 6, the optical XC device, 
according to the embodiment 3, is arranged by an optical 
branching unit provided every optical transmission line 
between input offices; "m(m>l)" pieces of routing units 
subdivided in a unit of "n(n>l)" wavelengths; an optical 
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combining unit provided every optical transmission line 
between output offices; an intra-office signal input unit 
provided with respect to an intra-input office optical 
transmission line (without wavelength multiplexing); and 
an intra-office signal output unit with respect to an 
intra-output office optical transmission line [without 
wavelength multiplexing) . 

The optical branching unit has such a function that 
while maintaining a wavelength-multiplexed optical signal 
entered from the intra-input office optical transmission 
line under wavelength multiplexing state, this 
wavelength-multiplexed optical signal is distributed to 
"m" pieces of routing units. 

The routing unit has such a function that an optical 
signal within a p r e - a 1 1 o ca t e d wavelength range among the 
wavelength-multiplexed optical signals entered via the 
optical branching unit, and also an optical signal entered 
from the intra-office signal input unit are converted into 
desirable wavelengths, and then, the optical signals 
having the converted wavelengths are routed to a desirable 
optical combining unit, or to the intra-office signal 
output unit. 

The optical combining unit has such a function 
capable of combining the wa ve 1 eng t h -mu 1 t ip 1 e x e d optical 
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signals having the different wavelengths which are 
inputted from the respective routing units. 

Furthermore/ the intra-office signal input unit has 
such a function capable of distributing the optical signals 
entered from the intra-input office optical transmission 
line to desirable routing units. Then, the intra-office 
signal output unit has such a function capable of 
distributing the optical signals entered from the 
respective routing units to the desirable intra-output 
office optical transmission line. 

Fig, 14 shows structural examples of the respective 
units provided in the optical XC device according to this 
embodiment 3. As indicated in this drawing, the intra- 
office signal input unit is constituted by 64X64 optical 
switches. The routing unit is arranged by 64X64 optical 
switches, a wavelength-division demultiplexer, a 
wavelength-division multiplexer, and wavelength 
converters. In the wavelength converters, the output 
wavelengths of the optical signals sent out to the optical 
transmission line between the output offices correspond 
to the wavelengths allocated to the respective routing 
units, and all of the output wavelengths of the optical 
signals sent out to the intra-output office optical 
transmission lines are equal to each other. The 
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wavelength-division demultiplexer is provided with an 
input port connected to the optical branching unit, and 
demultiplexes the optical signal within the wavelength 
range allocated to the respective routing units. The 
wavelength-division multiplexer is provided with an output 
port connected to the optical combining unit. The 
inter-office signal output unit is constructed by 64X64 
optical switches. 

Fig. 10 is a diagram indicating a more detailed 
routing operation by this optical XC device. 

As indicated in this drawing, in the concrete 
cross-connect device of this embodiment 3, a total number 
of wavelengths on the input side is 32, and then, these 
32 wavelengths are distributed to 4 sets of routing units 
in a unit of 8 wavelengths. A ratio of the optical signal 
channel number derived from the optical transmission line 
(inter-office) to the optical signal channel number 
derived from the intra-office transmission line is set to 
3:1. As a result, a total channel number of the intra- 
office optical signals is 32X6=192, whereas a total 
channel number of the inter-office optical signals is 32 
X2 = 64 . 

ARRANGEM F.NT OF FOURTH OPTICAL XC DEVICE 
Fig. 7 is a diagram showing an arrangement of an 
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optical XC device according to an embodiment 4. 

In comparison with the device arrangement of the 
embodiment 3 shown in Fig. 6, the optical XC device of this 
embodiment 4 is characterized in that an optical signal 
is wavelength-multiplexed in an intra-office transmission 
line. Other arrangements of this optical XC device are 
similar to those of the above-explained embodiment 3. 

As indicated in this drawing, the optical XC device, 
according to the embodiment 4, is arranged by an optical 
branching unit provided every optical transmission line 
between input offices; "m(m>l)" pieces of routing units 
subdivided in a unit of "n(n>l)" wavelengths; an optical 
combining unit provided every optical transmission line 
between output offices; an intra-office signal input unit 
provided with respect to an intra-input office optical 
transmission line (with wavelength multiplexing); and an 
inter-office signal output unit with respect to an 
intra-output office optical transmission line (with 
wavelength multiplexing) . 

The optical branching unit has such a function that 
while maintaining a wavelength-multiplexed optical signal 
entered from the intra-input office optical transmission 
line under wavelength multiplexing state, this 
wavelength-multiplexed optical signal is distributed to 
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"m" pieces of routing units. 

The routing unit has such a function that an optical 
signal within a pr e -al lo ca t ed wavelength range among the 
wavelength-multiplexed optical signals entered via the 
optical branching unit, and also an optical signal entered 
from the intra-office signal input unit is converted into 
desirable wavelengths, and then, the optical signals 
having the converted wavelengths are routed to a desirable 
optical combining unit, or to the intra-office signal 
output unit. 

The optical combining unit has such a function 
capable of combining the wavelength-multiplexed optical 
signals having the different wavelengths which are 
inputted from the respective routing units. 

Furthermore, the intra-office signal input unit has 
such a function capable of distributing the 
wavelength-multiplexed optical signals entered from the 
intra-input office optical transmission line to desirable 
routing units. Then, the intra-office signal output unit 
has such a function capable of distributing the optical 
signals entered from the respective routing units to the 
desirable wavelength and to the desirable intra-output 
station optical transmission line. 

Fig. 15 shows structural examples of the respective 
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units provided in the optical XC device according to this 
embodiment 4 . 

That is to say, the intra-office signal input unit 
is constituted by 64X64 optical switches and a 
wavelength-division demultiplexer. The routing unit is 
arranged by 64X64 optical switches, a wavelength-division 
demultiplexer, a wavelength-division multiplexer, and 
v;avelength converters* The wavelength converters are 
provided only on the side of the optical transmission line 
between the output offices, and the output wavelengths of 
the optical signals correspond to the wavelengths 
allocated to the respective routing units. The 
wavelength-division demultiplexer is provided with an 
input port connected to the optical branching unit, and 
demultiplexes the optical signal within the wavelength 
range allocated to the respective routing units. The 
wavelength-division multiplexer is provided with an output 
port connected to the optical combining unit. 

Furthermore, the intra-office signal output unit is 
arranged by 64 X64 optical switches , a wavelength converter, 
and a wavelength-division multiplexer. 

To avoid degradation of a transfer characteristic of 
an optical signal, a regenerator (arranged by opto- 
electric converter and electric-optical converter) may be 
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provided at either an input of an optical switch or an output 
thereof in the above-explained intra-office signal input 
unit and intra-office signal output unit. 

Fig. 11 is a diagram indicating a more detailed 
routing operation by this optical XC device of the 
embodiment 4 . 

As indicated in this drawing, in the concrete 
cross-connect device of this embodiment 4, a total number 
of wavelengths on the input side is 32, and then, these 
32 wavelengths are distributed to 4 sets of routing units 
in a unit of 8 wavelengths. A ratio of the optical signal 
channel number derived from the optical transmission line 
(inter-office) to the optical signal channel number 
derived from the inter-office transmission line is set to 
3:1. As a result/ a total channel number of the inter- 
office optical signals is 32X6-192, whereas a total 
channel number of the intra-office optical signals is 32 
X 2 = 64 . 

It should be understood in this specification that 
the routing unit, the intra-office signal input unit, the 
intra-office signal output unit, and the optical switch 
are not limited to the above -explained structural 
examples , 

As previously explained in detail, in accordance with 
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the present invention, a single sub-network is constituted 
by the wavelength converting type routing unit in the unit 
of extension. Then, the wavelength converting type 
routing units are successively added in response to an 
increase in the wavelength numbers (namely, a plurality 
of sub-networks are additionally provided) so as to 
constitute a large-scaled optical XC device and an optical 
network. As a consequence, while maintaining the transfer 
characteristic, these optical XC device and optical 
network have the expanding characteristic with respect to 
the wavelength number. Furthermore, it can prevent the 
large-scaled system. This may contribute to an 
improvement in the performance of the optical transfer 
system with employment of this arrangement. 
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WHAT IS CLAIMED IS: 

1. An optical path cross-connect device for 
accommodating a plurality of inter-office transmission 
line (with wavelength multiplexing) and a plurality of 
intra-office transmission lines (without wavelength 
multiplexing) , comprising: 

a wavelength branching unit provided with each of 
said inter-office transmission line, for demultiplexing 
wavelength-multiplexed optical signals entered from said 
inter-office transmission line to a first optical path 
group ; 

an intra-office signal input unit provided with each 
of said intra-office transmission lines, for repeating a 
wavelength-non-multiplexed signal entered from said 
intra-office transmission line to said first optical path 
group ; 

"m" pieces of routing units for inputting thereinto 
an optical signal outputted from any one of said wavelength 
branching unit or said intra-office signal input unit via 
said first optical path group, and for converting said 
optical input signal into a predetermined wavelength to 
thereby output the wavelength-converted optical signal to 
a second optical path group, said "m (symbol "m" being an 
integer and also being larger than 1)" pieces of routing 
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units being subdivided in a unit of at least "n (symbol 
"n" being an integer and also being larger than 1)" 
wavelengths ; 

a wavelength combining unit for accommodating 
thereinto said second optical path group and for 
selectively wavelength-multiplexing said optical signal; 
and 

an intra-office signal output unit for accommodating 
thereinto said second optical path group and for 
selectively repeating said optical signal. 

2. An optical path cross-connect device as claimed in 
claim 1 wherein: 

the optical signal transferred to said intra-office 
transmission line is wavelength-multiplexed; and both said 
intra-office signal input unit and said intra-office 
signal output unit repeat the wavelength-multiplexed 
optical signal . 

3. An optical path cros s -connect device for 
accommodating a plurality of inter-office transmission 
lines (with wavelength multiplexing) and a plurality of 
intra-office transmission lines (without wavelength 
multiplexing) , comprising: 

an optical branching unit provided with each of said 
inter-office transmission line, for branching a 
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wavelength-multiplexed optical signal entered from said 
intra-office transmission line into "m (symbol "m" being 
an integer and also being larger than 1)" pieces of first 
optical path groups, while maintaining the wavelength- 
multiplexed state; 

an intra-office signal input unit provided with each 
of said intra-office transmission lines, for repeating a 
wavelength-non-multiplexed optical signal entered from 
said intra-office optical transmission line; 

"m" pieces of routing units for routing an optical 
signal within a pr e -al 1 o cat ed wavelength range from 
optical signals outputted from said optical branching unit 
and said intra-office signal input unit to an inter-office 
signal output unit, and for converting said optical signal 
within said pre-allocated wavelength range into a 
desirable wavelength to route the wavelength-converted 
optical signal to a second optical path group, said "m 
(symbol "m" being an integer and also being larger than 
1)" pieces of routing units being subdivided in a unit of 
at least "n (symbol "n" being an integer and also being 
larger than 1)" wavelengths; 

a wavelength combining unit for accommodating 
thereinto said second optical path group and for 
selectively wavelength-multiplexing said optical signal; 
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and 

an intra-office signal output unit for accommodating 
thereinto said second optical path group and for 
selectively repeating said optical signal. 

4. An optical path c r o s s - conne c t device as claimed in 
claim 3 wherein: 

the optical signal transferred to said inter-office 
transmission line is wavelength-multiplexed; and both said 
intra-office signal input unit and said intra-office 
signal output unit repeat the wavelength-multiplexed 
optical signal. 

5. An optical path cr o s s - conne ct device as claimed in 
claim 1 wherein: 

said intra-office signal input unit is constituted 
by an optical space switch; said routing unit is arranged 
by an optical space switch and a wavelength converter; and 
said intra-office signal output unit is arranged by an 
optical space switch. 

6. An optical path cross-connect device as claimed in 
claim 2 wherein: 

said intra-office signal input unit is arranged by 
a wavelength-division demultiplexer, and an optical space 
switch; said routing unit is constituted by an optical 
space switch and a wavelength converter; and said 
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intra-office signal output unit is arranged by an optical 
space switch, a wavelength converter, and a 
wavelength-division multiplexer . 

7 . An optical path cross -connect device as claimed in 
claim 3 wherein: 

said intra-office signal input unit is constituted 
by an optical space switch; said routing unit is arranged 
by a wavelength-division demultiplexer, an optical space 
switch, a wavelength converter and a wavelength-division 
multiplexer; and said intra-office signal output unit is 
arranged by an optical space switch. 

8, An optical path cr o s s - conne ct device as claimed in 
claim 4 wherein: 

said intra-office signal input unit is arranged by 
a wavelength-division demultiplexer, and an optical space 
switch; said routing unit is constituted by a 
wavelength-division demultiplexer, an optical space 
switch, a wavelength converter and a wavelength-division 
multiplexer; and said intra-office signal output unit is 
arranged by an optical space switch, a wavelength converter, 
and a wavelength-division multiplexer, 

9, An optical path cr os s -connect device as claimed in 
any one of the preceding claims 5 to 8 wherein: 

in said intra-office signal input unit and said 
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inter-office signal output unit, a regenerator constructed 
of both an opto-elect r ic converter and an electric-optical 
converter is employed at any one of an input of said optical 
space switch and an output thereof. 
10. An optical network wherein: 

a plurality of the optical path c r o s s - conne ct devices as 
claimed in any one of the preceding claims 1 to 4 are 
employed so as to constitute said optical network. 
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AR.qTRACT OF THE DISCLOSURE 
To realize an optical path cross-connect technique 
having a high expanding characteristic with respect to an 
increase in a total number of wavelengths while maintaining 
a better transfer characteristic, an optical path 
cross-connect device is provided with a wavelength 
separating means every inter-office transmission line. 
Also, an intra-office signal input means is provided so 
as to demultiplex a wavelength-multiplexed optical signal 
entered from the inter-office transmission line to a first 
optical path group, and repeat a wavelength-non- 
multiplexed optical signal to the first optical path group. 
Then, this optical path cros s -connect device is provided 
with "m" pieces of routing means for inputting thereinto 
an optical signal via this first optical path group, and 
for converting this optical input signal into a 
predetermined wavelength to thereby output the 
wavelength-converted optical signal to a second optical 
path group. The "m (symbol "m" being an integer and also 
being larger than 1)" pieces of routing means are 
subdivided in a unit of at least "n (symbol "n" being an 
integer and also being larger than 1)" wavelengths. 
Furthermore, there are provided a wavelength combining 
means for selectively wavelength-multiplexing the optical 
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signal through the second optical path group, and an 
intra-of f ice signal output means for selectively repeating 
the optical signal at a post stage of the above-explained 
routing means . 
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Declaration and Power of Attorney For Patent Application 

Japanese Language Oeciaratfon 



As a below narr.-.d inventor, I hereby decia; *hat: 



flCf)^7^, fine's. iaiffHTSc!<7JfX£7)^^(75?^tC3t:tS^n My residence, post office address and citizenship are a* stated 
0 T*i", next to my name. 



! believe 1 am the onginal, first and sole inventor (if only one nam* 
is listed beJow^ or an original, first and joint inventor (K p4ural 
names ar« listed beiow) of the subject matter which is claimed and 
for which a patent is sought on the invention entitled 

OPTICAL PATH CROSSOOiSINEOT SYSTEM 
WITH HIGH EXPANDING CHARACTERISTIC 



K?t!^'^(7:)t^^^f (TK(7;«^?X^J2SS-:lV^r^.>/;rV^^»'^^l. the specitkration of whkh is attached hereto unless the foWawmg 
^'i^\C^f^) . box is checked: 



tC?rjE5ix*i L fc. 



Q was filed on _ 



as United States Application Number or 
PCT international Application Number 

and was annended on 

(if appltcabie). 



] hereby state that I have reviewed and understand the corttents o4 
.he above identified speciflcatian, including the claims, as 
amended by any an>endment referred to above. 



I acknowledge the duty to disckise information which is material to 
patentability as defined in Title 37. Code of Federal ReguUtions, 
Section 1.56. 



Bnrdtfn Hotir StM(«:m<:nt' This ronn ts «tmni(c*i ti> fjtke 0 4 hour* ro kiimplete. Tirrw ^xU vary d<rpen<ling upon the oeeJs at' the tntitvtdu^J csm. Any comment* on rfic 
«rm»oni iit time ymt reMutrcd it» ompleie thit t'lHTn shuuid he went to the Chiet Intorimihin Otlwer, Pitem and Trtdetmric Offic*. Wohinyon, DC 2023 1 DO NOT 
SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO O^mm^^mner nt P«t«m5 and Tradenwrk*. W««hiivgt«>n, DC 20231 , ' 



PTO/S3/106 (a-ge) 

Approved for um tfirough OMa 0^1-0032 

Patort and Tradernart; Offic*: U.S. OePARTMENT OF COKiMtRCc, 
Under the Paperwcrk Reduction Act of 1995. no pef^ns are required to respond to a caiJectiofi of information unless < drspJays a valid QMS control number. 



Japanese Language Declaration 



^ -li 39' { C JSi c ^- 7^: 3? H /-t ; ± ^ ?i r 2^ 
Tic. -p^i/^^^— i7T5 * ^: T\ ^L^v^x-fc 



Prior Foreign Application (s) 

(Number) 



Japan 



(Country) 



(Number) 



[Country) 



f tterety ciaim foreign priofity under Tftie 35, United States Cocte, 
Section 113 (a)-(d) or 3€S<bJ of any foreign application's) for patent 
or inventor's certificau^ or 365fa) of any PCT Intemarjonai 
appiication wnich designated at least one country other than the 
United States, listed beJow and hav« afco identifTed be4osv. by 
checking the boi. any foreign application for patent or inventor's 
certificate, or PCT intemationa/ appiication havir>g a filing date 
before that of the appiication on which priority is cJaimed. 

Priority Not Claimed 

25/12/1998 

fDay/Monthrrear Filed) ° 



(Day/Month/Year Ftied) 

I hereby cjaim the benefit under Tttle 35. United States Code, 
Section 1i9<e) of any United States provistonai appJjcatioo<s} Ksted 
betow. 



(Application No.) {Fihng Date) 



(Appiication No.) (Filing Date) 

(tf;«3^-^) {^sMB) 

\ hereby ciaam the benefit uncier Titie 35, United States Code. 
Sectkin 120 of any United States application's), or 365(c) of any 
PCT Internationai app4«cation designating the United States, listed 
below and. insofar as ttM siibject matter of each of the daims of 
tUis. application is not dtscfose<j in the prior United States or PCT 
tntemational application in the manner provided by the f^rst 
paragrapti of Title 35« United States Code Section 112, I 
acknowledge the duty to disclose information which is maieriM to 
patentability as defined in Title 37. Code of F«<ieral Reguiations, 
Section 1.54 which becanw available between the filing date of ttie 
prior application and the national or PCT Intematkinal Tiling date of 
application. 



(Application No.) (Filing Date) (Status: Patented. Pending, Abandoned) 



(Application No J (Filing Date) (Status: Patented. Pending. Abandonee) 

f^lflS) (?iE?? : ff^^^j^. 1?.»=P, n^^) 



e Vw r> r. (7) ^ ^ n > !nj ^ 7; rf ^ ^.t ^£ 



I hereby declare that all statements made herein of my own 
know<edge are true and that ail statements made on infomxstwn 
and beiief are believed to be trtie; and further that these 
statements were made wrth the knowiedge that wilttu^ false 
statements and the like so made are punishable by firve or 
imprisonment, or both, under Section 1001 of Titte 1S of the 
United States Code and that such willful false statemttnts rrxay 
jeopardize the validity of the appiication or any patent issiied 
thereon. 
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Appfov«j for us« mrouQft 900/196. 0MB 0651-0032 
Pat«n< and Tradamart Offlca; U.S. 06PARTMeNT OF COMMERCE 
Undef the Papefwork Reckjction Act oT 19&S. no pmrsocm m racyjired to respond to a coJi«ction of irrforrrwtion untes* * dJspiay^ a V3*id OMB cortro* numtw 



Japanese Language Declaration 

^^n-t^ : fAJlT^(?)^'^^#<i: L ^^tHa^cr*I-^^— ^(7) power of attorney: As a n*Twd inventor, I her«by appoint 

i:^l^S^^W!mi^MLT'i$'rr'^^4^^±';^tz\t(t^X the foUowing attomeyfs) and/or agent(s) to prosecute this 

^ t" , "^?c!C0#-*rfi^V^r:: L '^i". i^'Crl^^ a ppiication and transact all t>usin«<« m th« Patent and Trademark 

"^?:^,it0^jSS=^^^JCi7)-i) Office connected therewitn ^ts/ nvnw vtd ngisiratjon number) 

James D. Halsey, Jr., 22,729; Harry John Staas, 22,010; David M. Pitcher, 25,908; John C, Garvey, 28,607; J. Randall Beckers, 30,358; 
William F. Herbert, 31,024; Richard A. Gollhofer, 31,106; Mark J. Henry, 36,162; Gene M. Garner II, 34,172; Michael D. Stein, 37,240; Paul 
I. Kravetz, 35,230; Gerald P. Joyce, III, 37,648; Todd E. Marlette, 35,269; Harlan B. Williams, Jr., 34,756; George N. Stevens, 36,938; 
Michael C. Soldner, P-41,455 and William M, Schertler, 35,348 (agent) 

2f Sis^f Send Correspon<}ence lo: 



STAAS & HALSEY 

700 Eleven til Street, N.W. 

Suite 500 

Washington, D.C. 2 0001 
tSfS^m^tS^^t^' (^Mijii LK5^#-^) Direct Telephone Calls to: (name aofi tmlmphonm numb«r) 



STAAS & HAIiSEY 
(202) 434-1500 







Full name of sole or frst inventor 

Satoshi KUROYANAGI 






Inventor's signature . Date 

Sh/A' December 8, 1999 






Res«Sence ' 

Kawasaki-shi , Kanagawa^ Japan 






Citi2ens^tp 

Japanese 






Post Office Address c/o FUJITSU LIMITEHD, 1-1, 
Kamikodanaka 4-chGme, Nakahara-ku^, 


Kawasaki-shi, Kanagawa, 211-8588 Japan 






Full name of second joinc inventor, if any 

Tetsuya NISHI 






SecofKl inventor's signature Date 

^JtMlM^ 'hXJ.l December 8, 1999 






Residence 

Kawasaki-shi , Kanagawa , Japan 


mm 




Citizenship 

Japanese 






Post Office Address FUJITSU LIMITED, 1-1, 

Kamikodanaka 4-chome, Nakahara-ku, 


Kawasaki-shi, Kanagawa, 211-8588 Japan 



( — '^X^<ni^^ ^' fC o t V r t fol S 1- a£*c L , 5: 1" (Supply similar informatkxi and tigrutura for tWrd and subscqu^ 
^ t) joint inventors.) 
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